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of developing the bypass principle: the control of blood
vessels, the use of suture material, the development of a
variety of techniques and materials used to connect the
ends of injured vessels, and finally, on June 3, 1948, the
concept of using a saphenous vein to bypass an occluded
superficial femoral artery to control ischemic rest pain and
gangrene.
The many events leading up to this sentinel event are
interestingly intertwined in the lives of Alexis Carrel, Rene
Leriche, and Jean Kunlin. When Alexis Carrel was the Chief
Surgical Resident at theUniversity of Lyon under Jaboulay,
who was the Professor and Head of the Department of
Surgery, Rene Leriche was a medical student. And when
Rene Leriche became Professor of Surgery, Jean Kunlin was
his medical student.
Alexis Carrel (Fig 1, A) was born in Lyon, France, in
1873. He attended the University of Lyon Medical School
and graduated in 1889. During his internship, his Profes-
sor, Jaboulay, published an article in 1896 on the end-to-
end anastomosis of blood vessels. At about the same time,
Murphy,1 in America, and Payr,2 in Germany, also pub-
lished experimental and clinical research on the joining of
blood vessels. It seems that these works were noticed by
Carrel, who had been moved by the 1894 assassination of
Sadi Carnot, the President of the French Republic, who
died of a stab wound to the portal vein. A repair was not
possible at that time.
In May 1904, Carrel moved to Montreal. After pre-
senting a paper, he was invited by Karl Beck, a respected
Chicago surgeon, to move to Chicago. It was Karl Beck
who later nominated Alexis Carrel for consideration of the
Nobel Prize, which was awarded to him in 1912. Carrel
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doi:10.1016/j.jvs.2011.04.028oved to the University of Chicago to work with Charles
laude Guthrie. From 1904 to 1906, these two coau-
hored 28 scientific papers.3 Their prolific work included
he perfection of vascular anastomoses, the use of vein
rafts in the arterial system, the development of tissue
reservation techniques, and the reimplantation of limbs.
wing to a lack of financial support for his research, Carrel
hen moved to the Rockefeller Institute in New York.
Much of Carrel’s work at the Rockefeller Institute was
evoted to the preservation of vascular grafts to replace the
orta and the development of various tissue culture tech-
iques. In addition, Carrel worked with Henry Drysdale
akin to develop a solution for the antiseptic treatment of
ar wounds4 and worked with Charles Lindberg to de-
elop a pump oxygenator for organ preservation.5
The effect Alexis Carrel had on the development of the
ein bypass technique is strong. His concepts of the gentle
andling of tissues, the use of very fine suture material, and
he technique of triangulation for a vascular anastomosis
ere critical to the development of bypass surgery. With his
ssociate Guthrie, they worked tirelessly on the technique
f vascular anastomosis, endlessly refining this technique to
revent thrombosis. Wemust bemindful that this work was
one long before there were anticoagulants, noncrushing
ascular clamps, and the availability of small needles and
ne suture material. Carrel developed his own vascular
eedles and lubricated his silk suture material with Vaseline
o prevent vessel trauma and subsequent thrombosis. Car-
el’s first publication on the technique of blood vessel
nastomosis was published in Lyon in 1902.6
Carrel espoused a number of tenets for a successful
ascular anastomosis,7 including the gentle handling of all
issue. The “tissue juice” was believed to contain throm-
okinase, which enabled the formation of thrombin in the
resence of fibrinogen and resulted in vessel thrombosis.
he early suturing technique was an adventitial-muscular
echnique that avoided the intima because it was felt that
iolation of the intima would result in thrombosis. Great
are was taken to assure an eversion technique so that
othing would come in contact with the intima. The
ound and the vessel ends were copiously rinsed in saline to
ash away any thrombogenic material. His needles were
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August 2011572 Menzoian et alhomemade and straight, with a curved end. He did not use
a needle holder but grasped the needle in his fingers. In
later publications, Carrel modified his suturing technique
and described a technique of suturing through all layers,
including the intima.
Carrel also created what he termed uniterminal blood
vessel transplantation, where he sutured one end of a
carotid artery to the jugular vein.8 He then studied the
long-term effects of pressurizing the jugular vein. He noted
that the vein adapted by a thickening of the walls and that
hypertrophy of themuscular coat and sclerosis of the intima
appeared after several months.
Rene Leriche (Fig 1, B) was born in Roanne, France, in
1879. He received his medical degree from the University
of Lyon in 1906. Leriche attributed to Carrel his enthusi-
asm for experimental surgery. Leriche joined the surgical
faculty and became exposed to a large number of battle
injuries from World War I. He selected pain mechanisms,
regeneration of bone, and vascular injuries for special study.
In 1924, he became Chair of Surgery at the University of
Strasbourg. It was here that he attracted many vascular
notables to work with him, includingMichael deBakey, Jao
Cid dos Santos, of Lisbon, Dean Fontaine, and Jean Kun-
lin.
Leriche decided to focus on vasomotoricity. He felt
that arterial thrombosis was associated with vasospasm due
to the irritation provoked by the thrombosis and proposed
arterectomy and periarterial sympathectomy to stop the
vasospasm.9 He was not a proponent of the restoration of
arterial flow. In 1909, he did attempt to restore arterial flow
in a thrombosed artery with a vein graft, but the surgery was
halted because they could not delineate the distal limit of
the arterial obliteration.
About the same time, the concept of thrombectomy
was becoming popularized by Jao Cid dos Santos. This
Fig 1. A, Alexis Carrel. Bconcept is very important in the progression of the devel- dpment of successful direct arterial reconstruction. Origi-
ally, it was felt that direct removal of the clot would help
ith the restoration of arterial flow. Unfortunately, these
rocedures were unsuccessful, because without arteriogra-
hy, it was not possible to know if the occlusion was a local
lot or extensive chronic occlusion. In addition, without
he availability of anticoagulation, the vessel injuries in-
urred by suturing and the endarterectomy procedure, and
ithout knowing if the full extent of the occlusion had been
emoved, vessel thrombosis often resulted.
After the discovery of x-rays in 1896, the development
f clinical arteriography becomes very important in the
rogression of our story. Berberich reported the first arte-
iography in man in 1923. In 1929, Reynaldo dos Santos
erformed the first translumbar arteriogram in a patient
ith peripheral gangrene.10 His son, Jao Cid dos Santos,
ater developed arteriography for experimental arterial sur-
ery in 1935.
It became clear, at this point, that the further develop-
ent of successful direct arterial surgery would require
ome new initiatives to allow for visualization of the extent
f the thrombotic process and some help in the control of
oagulation to prevent vessel thrombosis after arterial re-
air.
In 1916, Jay McClean, a medical student working with
rofessor W. H. Howell developed heparin.11 In 1936,
ordon D. W. Murray demonstrated the use of heparin in
xperimental arterial surgery by showing the successful use
f interposition vein grafts in animals under heparinization.
ith these successes in animals, he then successfully used
eparin in a patient who underwent vein graft interposition
fter a resection of a popliteal artery aneurysm.
Once arteriography was developed, the full extent of
he occlusion could be appreciated and with the discovery
nd the clinical use of heparin, there were more successes in
e Leriche. C, Jean Kunlin.irect arterial surgery.
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Volume 54, Number 2 Menzoian et al 573The reigning concept of the time was that a vessel
would clot without the intima. The first removal of material
from an occluded artery by Jao Cid dos Santos was done
using heparin. The patient died a short time after the repair.
An arteriogram at the time of the postmortem showed a
patent femoral artery. The pathologist reported that under
microscopic evaluation the intima was gone and that there
was exposed media. From this experience dos Santos con-
cluded that the “intima myth” had been destroyed and that
with heparin, blood will continue to flow over exposed
media. The period of the “inviolability of the intima” had
passed.12
Embolectomy and thromboendarterectomy are inexo-
rably linked and represent the origins of modern arterial
surgery. Attempts at early embolectomy were often unsuc-
cessful because frequently what was thought to be a fresh
embolus was a well-fixed clot, densely adherent to the
arterial wall and requiring more extensive removal of local
material, which often included the intima and some of the
media. Thromboendarterectomy had thus accidentally
been developed. Unfortunately, before the use of antico-
agulation, many of these procedures were not successful
because of inadequate removal of the entire clot, which
resulted in subsequent postoperative thrombosis. Once
arteriography and heparin had been discovered and used
clinically, the results of endarterectomy were improved but
still were found to be lacking.
The time was right for the development of the venous
bypass graft. Although venous bypass had been used spo-
radically in trauma and to replace arterial segments resected
for aneurysm disease and tumors, it had not gained wide
acceptance and had not been used to bypass a segment of
artery occluded by atherosclerosis until it was successfully
done by Jean Kunlin in 1948.
Jean Kunlin (Fig 1, C) was born in 1904. He was a
medical student under Leriche, and interned and worked in
the Experimental Surgery Laboratory at Mount Saint Mar-
tin’s Hospital in Strasbourg. Kunlin joined Leriche at The
First Surgical Clinic of Strasbourg, where he was Leriche’s
collaborator from 1930 to the end of Leriche’s life.
On June 3, 1948, Kunlin performed the first femoral
popliteal bypass using saphenous vein in a 54-year-old man
Fig 2. Drawing of end-to-sidwho was experiencing ischemic rest pain and gangrene of t-months’ duration.13 The patient had undergone a first
oe amputation, which did not heal. Further skin necrosis
hen spread to the dorsum of the foot. The patient had
ndergone a lumbar sympathectomy and arterectomy of
he thrombosed superficial femoral artery, which was the
reatment of the day, as suggested by Leriche, Kunlin’s
entor.
The rationale for arterectomy was to stop the vasomo-
or response caused by the occluded arterial segment result-
ng in vasoconstriction of the collateral vessels, which fur-
her impaired the circulation. At the time, direct arterial
econstruction for arterial occlusive disease had not been
ttempted. In a letter to the Surgical Society in 1923,
eriche had proposed that, “the ideal treatment would be
o remove the occluded zone and reestablish arterial pa-
ency but I doubt that this would ever be possible.”
An arteriography demonstrated the patient had a pat-
nt popliteal artery feeding a posterior tibial artery. Kunlin
roposed a bypass around the occluded segment, but Le-
iche suggested continuedmedical treatment. At the end of
ay, Leriche left on a trip toHolland. During this time, the
atient’s condition continued to deteriorate, and so he
greed to the proposed bypass rather than undergoing an
mputation. Within 3 weeks of the bypass procedure, the
atient’s foot had healed. Interestingly, this patient under-
ent a contralateral bypass a few months later. He died a
ear later of a massive stroke.
In a report of 17 vein bypass graft procedures, Kunlin
escribed a number of the technical aspects of the sur-
ery.14 The saphenous vein was harvested and reversed.
uring the harvesting, Kunlin noted a reduction in the
iameter of the vein because of spasm and treated this with
n infusion of 1% Xylocaine. To allow for smooth passage of
he suture material, it was coated with Vaseline, a technique
ntroduced many years earlier by Carrel.
The anastomotic technique that was used to join the
ein graft to the artery was revolutionary: rather than
erform an end-to-end interposition technique, Kunlin
erformed an end-to-side anastomosis, reasoning that with
his technique, he could preserve collateral branches near
he thrombotic zone and the anastomosis could be per-
ormed in a healthier region of the artery (Fig 2). To verify
stomosis from Jean Kunlin.14hat his anastomosis was adequate, he infused saline
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addition, he used a plastic or rubber probe passed through
the anastomosis to verify no technical problems.
Anticoagulation was achieved with 50 mg of heparin at
the start of the case and then an infusion of heparin intra-
venously to maintain the coagulation at 20 to 25minutes (?
clotting time). The heparin infusion was continued for 3
days. Coumadin was started on the night of surgery and
continued for 3 to 4 weeks.
The relationship between Kunlin and his mentor Le-
riche is notable. Kunlin seemed to need to protect his
mentor, which is evident in a number of supportive state-
ments, almost apologizing for proceeding with the bypass
seemingly against the wishes of his revered mentor. In the
journal article describing this first case,13 Kunlin pays hom-
age to Leriche, ascribing to him a first attempt at bypass in
a patient with occlusive disease, but the procedure being
abandoned due to no clear definition of the distal artery
beyond the occlusion. In this same article, his last sentences
are “It appears to be imprudent in the realm of our knowl-
edge today to take the risk of undertaking the venous graft
procedure because it is available. It is better to perform a
sympathectomy.”
Leriche, however, seemed to be softening in his opin-
ion about vein bypass surgery. In an abstract presented at a
meeting of the Academy of Science in 1948, jointly au-
thored by Leriche and Kunlin, there is a brief discussion of
vein bypass grafts in eight patients. The final paragraph
points out the encouraging results in these eight patients,
suggesting that perhaps bypass grafts represented an im-
provement in care over sympathectomy.15
In an attribute to Jean Kunlin at the Annual Meeting of
the French Vascular Surgery Society in 1994,16 J. Testart,
who hadworked with Kunlin, gives us some insight into the
personality of Jean Kunlin. Testart states:
In making his decision to perform bypass, Kunlin must
have been torn between his scientific objectivity and his
affection and loyalty to his mentor. In this regard, the
introduction of a chapter that was written by Kunlin on
the subject of arteritis obliterans is telling. Kunlin denies
having forsaken his mentor’s ideas and even claims to have
been in complete agreement with Leriche, since his ulti-
mate goal was to gain an understanding of pain and thus
be better able to treat it.16 SThis important contribution to vascular surgery has had
major effect on the care of patients with peripheral arterial
isease, as well as patients with coronary artery disease,
ascular trauma, peripheral aneurysm disease, and visceral
rtery disease. Those of us who care for these patients are
rateful for the contributions of Alexis Carrel, Rene Le-
iche, and Jean Kunlin.
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